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Abstract 
The Santa Margarita Wildlife Carnivore Survey was designed to study the diversity 
of wildlife of the Santa Margarita Ranch, and to provide an interface with the Learning 
Among the Oaks (LATO) outdoor education program. The study took place   in the coastal 
range of California, United States, and was aimed at addressing species specific analysis 
including habitat utilization, latency to detection, and activity patterns. Target species 
included native carnivores (mountain lion, bobcats, coyotes) and non­native species of 
management concern (feral pigs, red fox). Working nights and camera efficiency were also 
compared between camera models. Six Cuddeback cameras were deployed on Santa 
Margarita Ranch for a seven week study period from January 27th, 2012 to March 16th, 2012. 
Overall, 12 species of mammals and six species of birds were detected. Of the 12 mammal 
species, seven were carnivores (bobcat, coyote, red fox, mountain lion, opossum, raccoon, 
and striped skunk). The remaining five mammalian species were deer, feral pig, rabbit, grey 
squirrel and ground squirrel. Black bear and grey fox were not detected at all during the 
survey. The highest mammalian utilization intensity occurred at Site 3 from ground squirrel 
visits (15.37 visits per survey day), and the highest carnivore utilization intensity occurred 
at Site 2 from coyote visits (0.35 visits per survey day). Median carnivore latency periods 
ranged from 4.5 days (coyote) to 26 days (raccoon and mountain lion). Activity patterns 
were analyzed with a chi square goodness of fit test (α=0.05) for coyote, deer, feral pig, and 
ground squirrel. Coyote (p=0.68) and feral pig (p=0.60) showed no significant selection for 
activity during different times of the 24­hr diel period. Deer (p=0.00089) were more active 
during dusk and less active during day than expected by chance. Ground squirrels 
(p=6.9x10­198) showed selection toward activity during the day and avoidance of activity 
during night and dawn. Camera efficiency data indicated that the newer model Cuddeback 
Attack cameras were considerably more efficient (99.08% of images contained data) than 
the older model Excites (88.99% of images contained data). Excite models should be 
replaced for further study to increase camera efficiency and improve the chance of 
capturing individuals. Additionally, data should be collected year­round to obtain greater 
statistical power in analyzing data and to offer comparison across seasons. 
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I. Introduction 
The Santa Margarita Wildlife Camera Carnivore Study was developed through 
consultation and scoping with Dr. John Perrine (Cal Poly Biological Sciences 
Department) and Beverly Gingg (Director, Learning Among the Oaks (LATO) Program, 
University of California Cooperative Extension). This project was based on a similar 
project developed through the Minnesota Department of Natural Resources. The project 
had two main components: to study the carnivores and invasive species of management 
concern of Santa Margarita ranch and to interface with the LATO outdoor education 
program.  
The interface with the LATO outdoor education program was designed with 
Beverly Gingg and had three main goals (LATO Website):  
 
1) To provide images of wildlife active in the LATO Trail environment adjacent 
to Santa Margarita School and use these captures to stimulate student interest in 
local wildlife biology and habitat conservation studies. 
 
2) To enable elementary school students and their families to see how scientists 
use wildlife cameras as an investigative tool. 
 
3) To give elementary students the opportunity to work with and learn from 
university field biology students managing and interpreting data produced by 
the wildlife cameras.  
To accomplish these goals, I retrieved and summarized data on a weekly basis 
and made it available to the students of Santa Margarita Elementary School. Weekly 
summaries included the top four to five captures, data sheets summarizing total 
captures per site and basic activity times by species, and a weekly challenge question. 
These products were posted in the elementary school library as well as on the LATO 
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website (http://www.smcf.org/?page_id=327). In addition to providing weekly 
summaries, I gave several presentations to the students to update them on the project’s 
progress and encourage their participation and involvement with the project. More 
information on the LATO interface is available through the website. The weekly 
challenge questions and answers are in Appendix A. 
The carnivore study was designed with Dr. John Perrine and was aimed to 
determine the diversity of species on the ranch as well as learn about their behavior, 
including latency to detection, habitat utilization, and activity patterns. Target species 
included native carnivores (mountain lion, bobcats, coyotes) and non­native species of 
management concern (feral pigs, red fox). This study provided the data for the analysis 
discussed in the rest of this report as well as served as the basis for the interface with 
the Santa Margarita Elementary School students. The following report focuses on the 
scientific aspect of the project. 
II. Methods 
Project Location 
The study site was located on privately owned property of the Santa Margarita 
Ranch. The ranch is on the eastern edge of the town of Santa Margarita along the 
California Central Coast, approximately equidistant north of San Luis Obispo and south 
of Atascadero (Figure 1). Six cameras spanned approximately 60 acres of the ranch, 
located in a shallow valley between the Santa Lucia Range and the La Panza Range. 
Vegetation on site is dominated by open canopy oak woodland with an understory of 
dry grasses. Some areas of the site are characterized by areas of willow­dominated 
riparian corridors and chaparral hillsides.  General topography of the area consists of 
flat open grasslands and moderately sloped rolling hillsides increasing in elevation to 
the west towards the foothills of the La Panza Range. The project site was bordered to 
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the west by El Camino Real, to the south and east by Highway 58, and to the north by 
Chalk Hill and continuous open ranch land. 
Site Selection and Camera Deployment 
 A total of six cameras were deployed for a seven week study period. All cameras 
were white flash Cuddeback cameras, three of the Excite model and three of the Attack 
model. The Cuddeback Excite models were older models from around 2008. These 
cameras have an estimated 0.5­1.0 sec trigger speed and 40 foot flash range. The 
Cuddeback Attack cameras were newly purchased in 2011. These cameras have a 0.25­
0.5 sec trigger speed and a 60 foot range. 
 Both types of cameras were installed with safety features to prevent stolen 
property and lost data. The Cuddeback Attack models were mounted in a CuddeSafe 
box which enclosed the camera and locked it inside (Figure 2). The CuddeSafes were 
fairly difficult to mount and made aiming the camera challenging. The Cuddeback 
Excite models were mounted with a mounting stem and secured with a locked hasp 
and chain (Figure 3). This safety method allowed much more flexibility in placement 
and aiming of cameras. 
Site locations were determined through several pre­study site visits. We chose 
these locations based on the proximity to the LATO trail (for educational purposes) and 
the likelihood of carnivore detection (i.e. game trails, scat, tracks, etc.). Four of the 
cameras were within 1,500 feet of the Santa Margarita Elementary School, two of which 
were deployed along the Learning Among the Oaks (LATO) trail. The remaining two 
cameras were installed 0.7­0.9 miles east of the elementary school, in the vicinity of 
Trout Creek (Figure 4). Table 1 lists the six camera locations with longitude and latitude 
coordinates. 
 Site 1 was approximately 950 feet northeast of Santa Margarita Elementary 
School, 1550 feet east of El Camino Real, and 1550 feet north of Hwy 58. The camera was 
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mounted on an oak tree facing northwest overlooking a relatively flat open grassland 
(Figure 5). 
 Site 2 was located approximately 1450 feet northeast of Santa Margarita 
Elementary School, 1650 feet east of El Camino Real, and 2100 feet north of Hwy 58. The 
camera was mounted at the base of a manzanita bush at the foot of Chalk Hill (Figure 
6), which is dominated by chaparral species including black sage (Salvia mellifera), 
California sagebrush (Artemisia californica) and sticky monkey flower (Mimulus 
auranticus). The camera was aimed to the south, over a game trail at the base of the hill 
that marked an ecotone between oak woodland and chaparral. The original camera at 
Site 2 was replaced by a camera of the same model in week four due to mechanical 
errors associated with delayed trigger speed.  (Specifically, Cuddeback Excite Unit D 
was removed and replaced with Cuddeback Excite Unit F.)  
 Site 3 was located approximately 1400 feet northeast of Santa Margarita 
Elementary School, 2350 feet east of El Camino Real, and 1250 feet north of Hwy 58. The 
camera was mounted perpendicular to the LATO trail on the cut face of a fallen oak 
tree, facing northeast across the trail aimed at the adjacent end of the fallen tree (Figure 
7). The site is in an open canopy oak woodland.  Due to the close proximity of the 
camera to the adjacent trail and fallen tree, the flash needed to be knocked back in order 
to prevent wildlife from being saturated by the white flash during night captures. I used 
duct tape to cover approximately 80% of the flash (Figure 8). 
 Site 4 was located approximately 1400 feet east of Santa Margarita Elementary 
School, 2450 feet east of El Camino Real, and 1000 feet northeast of Hwy 58. The camera 
was mounted on an oak tree along the LATO trail in a relatively covered oak woodland 
(Figure 9). The camera was facing north across the LATO trail into the surrounding oak 
woodland.  Due to the close proximity of the camera to the adjacent trail, the flash 
needed to be knocked back in order to prevent wildlife from being saturated by the 
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white flash during night captures. I used duct tape to cover approximately 40% of the 
flash (Figure 10). 
 Site 5 was located approximately 4800 feet east of Santa Margarita Elementary 
School, 5850 feet east of El Camino Real, and 1100 feet northeast of Hwy 58. The camera 
was mounted on a hardwood tree in an area of relatively dense riparian vegetation 
approximately 300 feet west of Trout Creek (Figure 11). The camera faced southwest 
over a game trail and the surrounding wooded riparian zone. The original camera at 
Site 5 was replaced by a camera of the same model in week five due to mechanical 
errors associated with delayed trigger speed. (Specifically, Cuddeback Excite Unit H 
was removed and replaced by Cuddeback Excite Unit I.)  
 Site 6 was located approximately 3650 feet east of Santa Margarita Elementary 
School, 4650 feet east of El Camino Real, and 1500 feet north of Hwy 58. The camera was 
mounted on an oak tree in a relatively open canopy oak woodland (Figure 12). The 
camera faced north across a ranch road which travels through a low point between two 
ridges.  
Data Collection 
Cameras were checked weekly to collect data and ensure proper functioning. 
Upon arrival, I triggered a photograph by walking in front of the camera, thereby 
documenting my arrival time. The camera was then checked for damage, total images, 
battery life and correct date and time. Uniquely­numbered data cards (Compact Flash 
for Cuddeback Excite, SD for Cuddeback Attack) were removed from the cameras every 
week and replaced with blank data cards. Batteries were replaced if below 75%power to 
avoid losing survey nights. After resetting the camera to live capture mode, I triggered 
a final photograph by walking in front of the camera to document the departure time. 
Cameras were set to a one­minute capture interval, indicating that once a photograph 
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was taken, the camera would not become armed to take another photograph until one 
minute following the previous image. 
Data Analysis 
Data cards retrieved from cameras were downloaded and reviewed for animal 
detections. The location, date, time, and species observed in each image were recorded 
in an Excel spreadsheet.  Images in which the animal was not identifiable due to 
location in the image frame or saturation of white flash were excluded from species­
specific analysis. Analysis was then conducted by sorting images based on various 
parameters including species type present, date and time of detection, location, etc. 
I calculated the percentage of working nights for each camera by dividing the 
number of working nights by total survey nights. Total survey nights were calculated 
by subtracting the ending date from the starting date of the survey. Working nights 
were calculated by subtracting nights the camera was not functioning (i.e. dead 
batteries, full data card) from the total survey nights. The camera at Site 2 was knocked 
over by cattle during week four. During the time the camera was facing the ground 
thirty images were taken. (Twenty­nine of the images contained no visible individuals, 
and one contained a sparrow.) These thirty images were not included in analysis to 
avoid skewing data. 
An efficiency rating for each camera station was calculated by subtracting the 
proportion of blank images from 1.0. The proportion of blank images was calculated by 
dividing the number of blank images into the total images at each site. For the purpose 
of this analysis, blank images were defined as those that contained no visible 
individuals. Images with individuals that were unidentifiable due to position in the 
image or saturation by the flash were not counted as blank images. Additionally, 
images of personnel checking cameras and the thirty images from Site 2 (discussed 
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above) were not included in analysis. Efficiency by camera model was then calculated 
by taking the average of the efficiencies for each model type. 
To account for multiple images take at the same visitation, I converted the 
individual images to unique visitation events. If two images of the same species were 
taken at the same site in <10 minutes, the subsequent image was considered a 
pseudoreplicate and removed from analysis. In the case of multiple individuals per 
image, the image containing the largest number of identifiable individuals was 
recorded. Images taken within the ten minute time frame that were obviously 
identifiable as different individuals were not removed as pseudoreplicates. 
I calculated the total number of animal visits per species per site by summing the 
total number of individuals of a given species present in each unique visitation event. 
Species richness was calculated by summing the total number of animal visits at each 
site. This was represented in terms of total mammal species, total mammalian 
carnivores and total bird species. Total animal visits were then divided by the total 
working survey nights for each site in order to standardize visitation across camera 
sites. The result of this calculation was species utilization intensity by site. 
Latency periods were calculated by recording the total number of survey days 
needed until the first detection of a species at each site.  For the purposes of this 
analysis, a survey day began at 9:00 am and ended at 8:59 am the following morning. 
(For example, the first survey day began at 9:00 am on January 27th, 2012 and ended at 
8:59 am on January 28th, 2012.) The lowest possible value for latency was 1, 
corresponding to the species being detected on the first survey day. 
Activity patterns were analyzed by summing total unique visitation events 
across all survey sites for a given species. For the purposes of this analysis, unique 
visitation events exclude images of the same species taken within ten minutes of each 
other. However, animal visitation events do not include multiple animals occurring in 
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one photograph since this would violate the assumption of chi square analysis that all 
samples are independent. Species with less than 24 visitation events could not be 
analyzed in order to maintain accuracy with chi square analysis. Activity patterns were 
analyzed by breaking the 24­hour diel period into four different periods: dawn, day, 
dusk, and night. “Dawn” and “dusk” periods were defined as two hours before and 
after the average sunrise and sunset times for the study site. The average sunrise and 
sunset times were determined by averaging the sunrise and sunset times over the 49­
day study period (from January 27th, 2011 to March 16th, 2012). Sunrise and sunset times 
were retrieved from the NOAA Naval Oceanography Portal using the latitude and 
longitude from Site 4. “Day” was defined as the time after dawn and before dusk, and 
“night” was defined as the time after dusk and before dawn. An alpha value of 0.05 was 
used for chi square analysis with the null hypothesis that the proportion of detections in 
each period should be the same as that period’s proportion of the 24­hour diel period. 
III. Results 
Over the seven week study period, the cameras acquired a total of 2714 images. 
Of these images 103 were personnel, 129 were blank, and 12 were unidentifiable due to 
proximity of the individual in the image or saturation of white flash. The majority of the 
images (83.84%) were cattle (1033 images) and ground squirrels (1037 images). Several 
species were detected that were not of study focus and were not included in the 
analysis. Images of cattle and lizards were not analyzed and therefore are not 
represented in the following data tables. Images of humans, domestic cats, and birds are 
recorded in data tables but were not included in the analysis. 
Working Nights 
 Overall the percentage of working nights was very high. All six cameras were 
deployed for a total of 49 nights. Four of the cameras (including all three Cuddeback 
Attack models) were functional for the duration of the survey.  
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Site 2 had the fewest survey nights with a total of 43 (88%). The batteries at Site 2 
failed during week one causing a loss of three survey nights. During this week, the last 
image was taken at 5:39 pm on January 31st, 2012 and new batteries were installed on 
February 3rd, 2012 at 11:07am. Site 2 lost an additional three survey nights in week five 
when the camera was knocked over by cattle. The last upright image was taken at 6:38 
am on February 28th, 2012 and the camera was repositioned at 8:51am on March 2nd, 
2012. (During the time the camera was facing the ground, 30 images were taken: 29 
images contained no visible individuals, and one contained a sparrow. These 30 images 
were not included in the analysis.)  
Site 5 was the only other site that had less than 100% working nights. The data 
card at Site 5 filled up during week two causing a loss of two survey nights. The last 
image was taken at 6:04 pm on February 8th, 2012 and a new data card was installed on 
February 10th, 2012 at 10:47 am. Site 5 had 96% working survey nights.  
Camera Efficiency 
 Camera efficiency was high for all cameras (Table 3), with the lowest efficiency at 
Site 2 (84.21%). The camera at Site 6 had an efficiency of 100% with no blank images. On 
average, the newer model Cuddeback Attack cameras were considerably more efficient 
(99.08%) than the older model Excites (88.99%). 
Species Richness 
 Overall, 12 species of mammals and six species of birds were detected. The six 
bird species were turkey, yellow­billed magpie, band­tailed pigeon, California quail, 
Steller’s jay and sparrow. (Turkeys were separated from “other birds” for data analysis 
purposes.) Of the 12 mammal species, seven were carnivores. For the purposes of this 
study the following seven detected species are considered carnivores:  bobcat, coyote, 
red fox, mountain lion, opossum, raccoon, and striped skunk. The remaining five 
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mammalian species were deer, feral pig, rabbit, grey squirrel and ground squirrel. Black 
bear and grey fox were not detected at all during the survey.  
 Site 5 had the largest number of species: 10 of the 12 mammal species and two of 
the six bird species. Site 1 had the fewest number of species, only coyote and red fox. 
The species with the largest total animal visits was ground squirrel (756), followed by 
feral pig (104), while the species with the lowest total animal visits was grey squirrel 
(one). The mammalian carnivore with the largest total detections was coyote with 48 
animal visits. Mountain lions were the lowest detected mammalian carnivore with a 
total of three animal visits. 
Utilization Intensity 
 Utilization intensity is represented by the total animal visits of each species at 
each site, divided by the total number of working nights at that site. This provides 
standardization across all survey sites to better determine the intensity to which a site is 
used by different species. The highest mammalian utilization intensity occurred at Site 3 
from ground squirrel visits (15.367), indicating that on average 15 ground squirrels 
were detected each day at this site. The highest carnivore utilization intensity occurred 
at Site 2 from coyote visits (0.349); an average of one coyote detection every three days 
at Site 2. Feral pigs also exhibited one of the highest observed utilization intensities 
(1.660) at Site 5; an average of one feral pig detection every day at Site 5. 
Latency Periods 
 Time to first detection ranged from one survey night (deer, ground squirrel, 
turkey) to 39 (raccoons). The species with the lowest median time to detection was 
ground squirrel (1.5 survey nights), followed by deer (three survey nights). The species 
with the highest median time to detection were grey squirrel (41 survey nights) and 
mountain lion and raccoon (both at 26 survey nights). It is important to note that grey 
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squirrel was detected at only one site, which may skew the median. Among mammals, 
raccoon had the largest range in time to first detection. Ground squirrels had the 
shortest range in time to first detection and were always detected on the first or second 
survey day if present at the site. 
Activity Patterns 
 Activity patterns were analyzed for species with greater than 24 animal visitation 
events. Species with less than 24 animal visitation events were not analyzed in order to 
meet the assumptions of chi square analysis. Based on these restrictions, coyote, deer, 
feral pig, and ground squirrel were the only species analyzed. (Other birds were not 
analyzed due to the inconsistency in which they use the landscape.) 
Coyote 
 A total of 48 unique coyote visitation events were detected: 11 occurred during 
dawn, 12 during day, eight during dusk, and 17 during night (Table 7). Chi square 
analysis resulted in a p­value of 0.68. Using an alpha of 0.05, the null hypothesis of 
random activity cannot be rejected. 
Deer 
 A total of 56 unique deer visitation events were detected: 12 occurred during 
dawn, 8 during day, 20 during dusk, and 19 during night (Table 8). Chi square analysis 
resulted in a p­value of 0.00089. Using an alpha of 0.05, the null hypothesis of random 
activity is rejected. The chi square value which most greatly affects this value is dusk. 
Twice as many deer visitation events were observed during dusk than expected, while 
only half as many were observed during day than expected. These results indicate that 
there is likely selection toward activity during dusk rather than other times of the 24­
hour diel period.  
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Feral pig 
A total of 73 unique feral pig visitation events were detected: 15 occurred during 
dawn, 22 during day, 14 during dusk, and 22 during night (Table 9). Chi square analysis 
resulted in a p­value of 0.60. Using an alpha of 0.05, the null hypothesis of random 
activity cannot be rejected.   
Ground squirrel 
A total of 650 unique ground squirrel visitation events were detected:  6 occurred 
during dawn, 526 during day, 118 during dusk, and none during night (Table 10). Chi 
square analysis resulted in a p­value of 6.9x10­198. Using an alpha of 0.05, the null 
hypothesis of random activity is rejected. The chi square value which most greatly 
affects this value is day. A total of 192.8 out of 650 detections were expected to occur 
during day if ground squirrels are active randomly throughout the 24­hour diel period. 
However, the vast majority (526 of 650) detections occurred during day. Additionally, 
240.6 detections were expected during night and 108.3 were expected during dawn, but 
there were no observed detections during night and only six during dawn. Dusk was 
the only time period in which observed detections occurred in similar proportions to 
expected values. Overall, this data likely indicates ground squirrel selection toward 
activity during the day and avoidance of activity during night and dawn. 
IV. Discussion 
Camera Performance 
Although the percentage of working nights and camera efficiencies were high for 
all six cameras, the Cuddeback Attack models had a higher overall performance than 
the Cuddeback Excite models. The Cuddeback Excite model had an average working 
nights of 94.56% and an average camera efficiency of 88.99%. The Cuddeback Attack 
model had an average working nights of 100% and an average camera efficiency of 
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99.08%. In addition, Cuddeback Excite models frequently missed pre and post data 
collection photographs of personnel. Due to this observation and the delay noted from 
the positioning of individuals within the frame, two of the Cuddeback cameras were 
switched out during the survey period as mentioned in Methods above. 
The decreased performance of the Cuddeback Excite models is likely due to their 
age. These cameras were significantly older models than the Cuddeback Attacks and 
had been used for several studies in the past. It is likely that basic wear and tear on the 
camera over time contributed to their decreased performance. It is also possible that the 
newer models contained faster and more reliable technology which could also lead to 
the improvement in working nights and camera efficiency. It is important to note 
however that percentage of working nights is not as reflective of camera model 
performance as camera efficiency. The Cuddeback Excite models that did not achieve 
100% working nights were either knocked over by cattle, lost battery life, or obtained a 
full data card. These characteristics are more likely due to the lack of a safe mounting 
box (i.e. the CuddeSafe’s mounted around the Attack models), or other site specific 
features such as total detections. 
Due to the 10% difference in camera efficiency as well as personally documented 
camera delays of the Excite model, I would recommend that Cuddeback Excite models 
be removed from future studies and replaced with newer Cuddeback Attack models. 
This should increase total camera efficiency and potentially increase the total detections 
that are documented in the survey. 
Species Richness and Utilization Intensity 
A total of seven carnivore species were detected throughout the study period. 
Coyotes had the largest total carnivore animal visits, and were the only species detected 
at all six sites. This is consistent with their adaptability to utilize almost any habitat that 
is productive enough to support them (Verts and Carraway, 1998). This is likely due to 
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their mobility across the landscape, relatively large home­range size and overall habitat 
utilization. Coyotes have been documented with a home range size between 1.23 and 
54.19 km2 (Lyren, 2001). Since the project site only spanned approximately ¼ of a square 
kilometer (approximately 1,400 m across), it is logical to document coyotes across the 
project site since it is such a small subset of their total home­range. Additionally, the 
fairly large number of coyote visits documented may also be attributed to their social 
behavior through which they may choose to develop social organizations rather than 
become territorially exclusive. However, it is important to note that the high number of 
animal visits could also be due to one or two coyotes being detected multiple times. 
The carnivore species with the lowest total detections was mountain lion. Only 
three detections occurred over the seven­week study period, each at a different site 
(Sites 2, 5, and 6). Mountain lions have large home­ranges and are relatively territorial 
leading to a distribution, in areas occupied, of about one per 20­50 square kilometers 
(Verts and Carraway, 1998). Since the project site was so small in comparison to the 
overall home­range, it seems logical to observe such a small number of mountain lion 
detections, relative to other carnivores, due to their utilization of the other portions of 
their home­range. In addition, mountain lions are typically solitary and are only rarely 
observed with overlapping home­ranges which generally only occurs in the case of a 
female and her young, or male female pairs during mating season (Verts and Carraway, 
1998). Based on this information, it is likely that the three mountain lion detections were 
of the same individual. However, one of the images seemed to show a difference in coat 
color, with black tips on the fur of the ears, belly, and inner legs (See Week 5 Challenge 
Question in Appendix A). 
With the exception of ground squirrels, feral pigs had the largest number of total 
mammalian animal visits, the vast majority of which were detected at Site 5 (1.660 
animal visits/survey night). This is likely due to a combination of the season in which 
the survey was conducted and the habitat associated with Site 5. Several of the images 
of feral pigs included three to six juveniles, which likely caused a noticeable increase in 
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the total feral pig detections. Feral pigs are relatively social and tend to travel in 
organized groups (West et al., 2009). Therefore, it is likely that our methods 
underestimate the total feral pig visits since the first individuals trigger the camera and 
the rest of the group may pass during the one minute camera delay. Additionally, Site 5 
was located in a relatively covered riparian corridor which offers good cover and 
habitat for feral pigs and their young. There were also several observed areas of feral 
pig rooting of the landscape within close proximity to the site, which is consistent with 
the large number of total detections. 
Black bear and gray fox were not detected during the study. Both species have 
been previously documented in San Luis Obispo County along East Cuesta Ridge 
(Perrine and Snyder, 2011), which is approximately five miles south of the project site. 
The absence of black bear detections is likely due to the timing of the study. Black bears 
tend to enter their dens in late October and November and remain there in winter 
dormancy until they begin to emerge in mid­late March (Verts and Carraway, 1998). 
Since the study occurred between late January and mid­late March it is likely that any 
black bears within the project site vicinity were still in winter dormancy. The lack of 
gray fox detection seems unusual given the habitat of the ranch and their nearby 
occurrence. Gray fox have relatively small home­ranges (103­113 ha) which are 
generally decreased by 80% during the littering and nursing seasons (Verts and 
Carraway, 1998). It is possible that during the study period, gray fox didn’t move far 
from their dens and were not detected by the cameras. In order to increase the 
likelihood of capturing these individuals, I recommend continuing camera monitoring 
throughout the year and potentially adding bait to attract nearby individuals that may 
not otherwise travel past the cameras. 
Latency Periods 
Median carnivore latency periods ranged from 4.5 days (coyote) to 26 days 
(raccoon and mountain lion). Coyotes ranged from three to 35 days, raccoons ranged 
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from two to 39 days, and mountain lions ranged from 17 to 30 days. Overall, latency 
periods were too variable to conduct substantive analysis. Species with low median 
time to detections include ground squirrel, deer, and turkey. Other species with high 
median time to detections include grey squirrel, raccoon and mountain lion. Latency 
periods are helpful in determining how long a survey should be conducted until there 
is a reasonable chance that if the species were present, it would have been detected. 
Activity Patterns 
 Only four of the 12 mammal species had enough detections for the activity 
pattern analysis: coyote, deer, feral pig and ground squirrel. Coyote and feral pig 
showed no significant selection for activity during different times of the day. Coyote are 
generally nocturnal or crepuscular (Verts and Carraway, 1998), but did not exhibit these 
patterns during the study. Coyote may have altered their activity patterns to utilize 
more of the day in order to increase hunting of prey that are active primarily during the 
day (see ground squirrel activity patterns). It is also possible that since coyotes have 
limited predators, they are not restricted to acting during the twilight and night hours 
in order to remain hidden. 
 Feral pigs are also generally nocturnal or crepuscular (West et al., 2009), but did 
not exhibit these pattern during the study. Observed feral pig activity was almost 
entirely proportional to the expected distribution throughout the 24­hour diel period. 
This observed activity could be due to the large number of feral pigs in the area causing 
a need to be active during a larger portion of the day in order to obtain food. 
Additionally, there are limited predators of feral pigs and like the coyotes, they may not 
be restricted to acting during the twilight and night hours in order to avoid predation. 
 Deer activity indicated a significant departure from random utilization. Deer 
were more active during dusk and less active during day than expected by chance. This 
is consistent with general knowledge of deer activity patterns that indicate crepuscular 
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activity (Verts and Carraway, 1998). This observed selection is likely due to the cover 
offered by darkness in protecting deer from predators. 
 Ground squirrel activity was also significantly different from a random 
utilization. Ground squirrels had an overwhelming selection for activity during day 
over other periods of the 24­hour diel period. A total of 526 out of 650 detections 
occurred during the daytime and no detections were documented during the night. This 
is consistent with general knowledge of ground squirrel activity patterns that indicate 
diurnal activity (Verts and Carraway, 1998). 
V. Conclusions and Recommendations 
Based on the data discussed above, Santa Margarita Ranch was an excellent 
location for the LATO Wildlife Camera Project. There was a significant diversity of 
species, and enough detections to begin to analyze their latency to detection, utilization 
patterns and activity patterns. Overall, camera efficiency and site performance were 
high, but  some adjustments can be made to improve the project. 
The first step, as discussed earlier, would be to replace the three Cuddeback 
Excite models with newer Cuddeback Attack models. This will increase camera 
efficiency and improve the chance of capturing individuals. With the new cameras, I 
would suggest to remove the camera at Sites 1 and to place it in a different locations 
that may receive more diversity. Site 1 detected only two species (not including cattle), 
and with limited frequency.  
Additionally, data should be collected year­round to obtain greater statistical 
power in analyzing data and to offer comparison across seasons. Another idea to 
consider would be to bait some or all of the cameras. This may attract individuals that 
are within close proximity to the camera sites but that might not otherwise travel the 
exact path on which the camera is located. 
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By implementing these recommendations, the LATO Wildlife Camera Project 
may have the potential to offer even greater insight into the diversity and behavior of 
the wildlife on Santa Margarita Ranch. The information provided through this project 
has been an excellent interface and educational tool with the students of Santa 
Margarita Elementary School and will hopefully encourage participation in outdoor 
education and increase understanding of the use of remote cameras for the study and 
management of wildlife and their environment. 
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VII. Tables and Figures 
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Table 1. Camera site locations. 
 
 
Table 2. Percentage of working nights per camera site. 
 
 
Table 3. Camera efficiency per camera site. 
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Table 4. Summary table of species observed. Cells represent unique animal visits and exclude 
detections of the same species occurring within ten minutes of each other. Unique animal visits 
accounts for multiple individuals in the same image. 
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Table 5. Utilization intensity of species per camera site. . Cell values are in units of unique 
animal visits per survey night and represent values from Table 4 (unique animal visits), divided 
by values from Table 2 (working nights) in order to achieve a utilization intensity that is 
standardized across camera sites. 
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Table 6. Number of survey nights to first detection. Survey nights begin at 9:00am and end at 
8:59am the following morning. 
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Table 7. Chi square analysis of coyote activity. 
 
 
Table 8. Chi square analysis of deer activity. 
 
 
Table 9. Chi square analysis of feral pig activity. 
 
 
Table 10. Chi square analysis of ground squirrel activity. 
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Figure 1. General Study Site Location. All six cameras are located within the black box. 
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Figure 2. CuddeSafe security box on Cuddeback Attack at Site 3. 
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Figure 3. Locked hasp and chain security system for Cuddeback Excite at Site 5. 
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Figure 4. Camera site locations relative to Santa Margarita Elementary School. 
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Figure 5. Photograph of Cuddeback Excite at Site 1. 
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Figure 6. Photograph of Cuddeback Excite at Site 2. 
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Figure 7. Photograph of Cuddeback Attack at Site 3. 
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Figure 8. Duct tape modification to flash on Cuddeback Attack at Site 3. 
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Figure 9. Photograph of Cuddeback Attack at Site 4. 
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Figure 10. Duct tape modification to flash on Cuddeback Attack at Site 4. 
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Figure 11. Photograph of Cuddeback Excite at Site 5. 
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Figure 12. Photograph of Cuddeback Attack at Site 6. 
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IX. Appendices 
Appendix A: LATO Challenge Questions and Answers 
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Challenge Question Explanations 
 
1. I believe that the bobcat captured on February 3rd is the same bobcat captured on February 1st. The 
best indicator of this is the spotted pattern of the bobcat’s coat. There is a distinct circular pattern on 
the front left leg and similar striping on the face and behind the left ear in both images. Another 
indicator is the size of the bobcat, which is similar in both images and slightly smaller than several 
other bobcat captures at this site. 
 
2. There are two sparrows and one ground squirrel in the image taken on February 3rd, and two 
ground squirrels in the image taken on February 5th. The sparrows blend in with their surroundings 
and the ground squirrels may be difficult to spot hiding in the back of the photographs. It is important 
to scan the images thoroughly in order to determine the total number of individuals in the image. 
 
The high occurrence of ground squirrels is likely due to the habitat type. The camera is located on a 
fallen tree, which provides excellent ground squirrel habitat. In addition, there seems to be several 
ground squirrel burrows in and around the fallen tree. It is also likely that since this camera is 
mounted so low to the ground, it could be triggered by the ground squirrels more often than a camera 
that is mounted farther from the ground. 
 
3. Site 1 is located in a relatively open grassland between areas that are more densely covered by 
trees. As animals move through the landscape they are more likely to travel through areas with cover 
in order to protect themselves or to hunt prey that lives in these covered areas. This is the most likely 
explanation for the lack of captures at Site 1. 
 
4. It is likely that the present of cattle on the landscape will decrease the amount of other species that 
are captured by the cameras. This is due to the fact that cattle can deter other smaller animals from 
the habitat and scare prey species from the area. In addition, cattle tend to disturb the landscape and 
may destroy resources causing other species to move into other areas that are not occupied by cattle. 
 
5. I believe that there are two separate mountain lions. The mountain lion in the image taken on 
February 13th is most likely a different individual than the mountain lion in the images from February 
16th and 21st. The mountain lion in the image from February 13th has distinctly darker coloring on the 
tips of the fur on its belly and on the inside of its legs. Mountain lions generally have large 
homeranges and do not overlap with homeranges of other individuals of the species. However, there 
may be exceptions in the cases of a female and her cub or a male and female mating pair. 
 
6. I believe that the individual in this image is an opossum. It is difficult to distinguish due to the 
white flash and close proximity of the animal, however the long thin fur that is standing on end is a 
good indication that the individual is an opossum. This is consistent with previous captures at Site 3. 
Distinguishing species is a challenge in some images and at times they may be impossible to identify. 
This is one limitation of still-image data from automatic camera stations. 
 
7. It is likely that more animals were observed carrying prey later in the survey since mid to late 
March is when spring begins. Spring is the season when most of the species give birth to their young. 
This means that there are not only more prey available, but also more young predators. At this time 
of year, many of the carnivores may have young in a den and must hunt and return with food so their 
offspring can have the nourishment necessary to grow. 
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Appendix B: Representative Example Photographs 
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Photo 1. Bobcat captured at Site 5. 
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Photo 2. Coyote captured at Site 4. 
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Photo 3. Feral pig captured at Site 5. Feral pigs had the highest utilization intensity of any other 
species at Site 5. 
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Photo 4. Red fox smelling scat at Site 2. 
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Photo 5. Mountain lion captured at Site 6. This was the first of three mountain lion detections. 
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Photo 6. Coyote captured at Site 5. Coyotes were the only species detected at all six sites. 
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Photo 7. Striped skunk captured at Site 3. 
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Photo 8. Feral pig juveniles captured at Site 5. 
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Photo 9. Cattle captured at Site 3.  
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Appendix C: Data Sheets 
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